Purpose: To compare societal values across health-state classification systems and to describe the performance of these systems at baseline in a large population of persons with confirmed diagnosis of intervertebral disc herniation (IDH), spinal stenosis (SpS), or degenerative spondylolisthesis (DS). Methods: We compared values for EQ-5D (York weights), HUI (Mark 2 and 3), SF-6D, and the SF-36-derived estimate of the Quality of Well Being (eQWB) score using signed rank tests. We tested each instrument's ability to discriminate between health categories and level of symptom satisfaction. Correlations were assessed with Spearman rank correlations. We evaluated ceiling and floor effects by comparing the proportion at the highest and the lowest possible score for each tool. In addition, we compared proportions at the highest and lowest levels by dimension. The number of unique health states assigned was compared across instruments. We calculated the difference between those who were very dissatisfied and all others. Results: Mean values ranged from 0.39 to 0.63 among 2097 participants ages 18-93 (mean age 53, 47% female) with significant differences in pair-wise comparisons noted for all systems. Correlations ranged from 0.30 to 0.78. Although all systems showed statistically significant differences in health state values when baseline comparisons were made between those who were very dissatisfied with their symptoms and those who were not, the magnitude of this difference ranged widely across systems. Mean differences (95% CI) between those very dissatisfied and all others were 0.30 (0.269, 0.329) for 0.22 (0.190, 0.241) for HUI(3), 0.18 (0.161, 0.201) for HUI(2), 0.11 (0.095, 0.117) for SF-6D, 0.04 (0.039, 0.049) for eQWB, and 0.07 (0.056, 0.077) for VAS (with transformation applied to group means). Conclusion: Differences in preference-weighted health state classification systems are evident at baseline in a population with confirmed IDH, SpS, and DS. Caution should be used when comparing health state values derived from various systems.
Introduction
Surgery accounts for a large proportion of the health care costs associated with spinal disorders [1] . Persons with spinal disorders have worse selfreported SF-36 physical health outcomes than those with cancer, congestive heart failure, and other chronic illnesses [2] . This combined with wide variation and increasing rates of spinal surgery [3] [4] [5] make economic evaluation of interventions for spinal disorders an important area of research. Societal health values for musculoskeletal problems have not been well studied. Unfortunately, studies of the important world of spine problems have been limited by lack of clear delineation of associated signs and symptoms into specific diagnostic groups. Cost-effectiveness studies for surgical interventions have relied on utilities derived from small populations within the spine literature or general population studies [6, 7] . These utilities may not apply to persons with specific diagnoses across a more generalizable population. The Spine Patient Outcomes Research Trial (SPORT) is the first multi-center trial to study a clearly defined population of the three most common reasons for which spine surgery is performed; intervertebral disc herniation (IDH), spinal stenosis (SpS), and degenerative spondylolisthesis (DS). The primary aim of SPORT is to compare surgical and non-surgical treatment for persons with common spinal disorders for whom surgery is an option.
SPORT's secondary objective is to conduct a cost-effectiveness analysis of surgical vs. non-surgical treatments for these three diagnoses using QALYs as the effectiveness measure [8] . Qualityadjusted life years (QALYs), which account for both length and quality of life, are the recommended health outcome for use in economic evaluation when the objective is to inform public policy makers on allocation of limited resources. There is general consensus that for public policy applications the health state values used to estimate QALYs should be derived from a societal perspective [9] . As a result, several generic preference-weighted health state classification systems, which combine a health status measure with a societal value or utility for each health state [10, 11] , have become widely used in economic studies. The most commonly used systems include the Health Utilities Index (HUI) [11] [12] [13] , the EuroQoL EQ-5D [14] [15] [16] , and the Quality of Well-Being Scale [17] . In addition, preference classification systems have been derived from the SF-36 health status measure [18] [19] [20] .
Differences between systems exist in health state descriptions and the methods used to infer societal values. Recent studies comparing systems have described important differences, but have not suggested one superior tool for use in cost-effectiveness analyses [20] [21] [22] [23] [24] [25] [26] [27] [28] . No study has compared these systems for persons with confirmed diagnosis of IDH, SpS, or DS. Given that several equally supportable options exist, and that each instrument has unique properties, it is important to consider the public policy implications of using health state values derived from different systems. Therefore, the objective of this study is to compare the health state values derived from EQ-5D [15, 16] ; HUI [11] [12] [13] ; and two of the SF-36-derived preference classification systems-the SF-6D [29, 30] and estimated Quality of Well-Being score (eQWB) [19] -in a population of persons with these lumbar spine disorders, and to describe system performance at baseline.
Methods

Participants
Cross-sectional baseline data from an ongoing prospective study of interventions for back or leg symptoms associated with lumbar spine disorders (SPORT) are presented. The design of this study has been previously reported in detail [8] . In brief, SPORT is a multi-centre study including three randomized controlled trials and three observational cohorts. To be eligible for SPORT, participants must be 18 years or older and have a diagnosis of IDH, SpS, or DS. Participants are excluded if there is evidence of non-surgical treatment for fewer than 6 weeks for IDH and 12 weeks for SpS and DS; cauda equina syndrome; contraindications to spine surgery; possible pregnancy; active malignancy; current fracture; infection; or prior lumbar spine surgery [8] .
SPORT's intent is to characterize the impact of surgery on health-related quality of life using a generic health status instrument, the SF-36, [31, 32] and a disease-specific instrument, the Oswestry Disability Index (ODI) [33] [34] [35] . The SF-36 was developed in the Medical Outcomes Study for the measurement of health status. It measures eight dimensions on up to six levels. SPORT uses version 1 of the SF-36, with the reference time frame for health status of 'the past four weeks'. The ODI, an outcome measure of pain and physical function related to spinal disorders which includes ten items on six levels, yields an index score from least to most disability of 0-100. Participants first complete the ODI, followed by SF-36; EQ-5D (including a visual analogue scale (VAS) health rating); a symptom satisfaction rating (very dissatisfied, somewhat dissatisfied, neutral, somewhat satisfied, very satisfied); and HUI. Outcomes are measured at baseline, 6 weeks, and 3, 6, 12, and 24 months after initiation of treatment. Two QALY estimates are derived from the SF-36: an estimated Quality of Well-Being score and the SF-6D.
Baseline measures of health state value
The instruments used to characterize health state values are described below.
EQ-5D
The EuroQoL EQ-5D includes five attributes rated on three levels to define 245 health states (when 'dead' and 'unconscious' are added), and uses an additive model of attribute independence [15, 16] . Preferences were measured using time-tradeoff values for a subset of health states from a sample of the UK population [14] . The reference time frame for health status in the questionnaire was 'today'.
Health Utilities Index
The McMaster Health Utilities Index has been well described [11, 12, [36] [37] [38] . Permission is required for use of this instrument. SPORT is licensed to use HUI (Mark 2) and HUI (Mark 3). The reference time frame for the questionnaire was 'the past four weeks' and we did not include the fertility dimension in our survey. HUI(2) represents seven attributes on four or five levels and defines 24,000 health states. HUI(3) has five or six levels for each of its eight attributes and encompasses 972,000 unique health states. The HUI (2) and HUI(3) use multiplicative multi-attribute utility functions based on visual analogue and standard gamble scores obtained from community samples in Canada [11, 37, 38] .
SF-36-derived measures
The SF-6D, version 2, provides a method for deriving a preference score from the SF-36 instrument [29, 30] . It represents six attributes on up to six levels. An additive model was used and community weights were derived using standard gamble utilities from a UK population for a subset of health states. The Quality of Well-Being scale (QWB) is a preference-based health measure that includes three additive functional dimensions and a symptom dimension [17] . We estimated the QWB score using five subscales of the SF-36 based on regression analysis reported by the Beaver Dam Health Outcomes Study [19] and denote it as eQWB.
Visual analogue scale
Subjects are asked to rate their current health on a thermometer-type scale from 0, representing worst possible health, to 100, representing best possible health. The distance from 0 to the subject's mark is measured and used as the value estimate [9] . We used a transformation of VAS as described by Torrance et al. [39] , which was applied to group means:
Statistical analyses
Demographic characteristics of study participants were described using means, standard deviations and percents. Summary statistics were estimated for each preference-weighted health state classification system. Comparisons between the distributions for each system pair were made using Wilcoxon signed rank tests. Construct validity for each system was assessed with a test for trend across self-perceived health categories (i.e., excellent, very good, good, fair, poor), quintiles of ODI, and levels of dissatisfaction. We hypothesized that values would decrease monotonically between health categories and ODI quintiles, and that the instruments would discriminate between respondents who were very dissatisfied with symptoms and those who were not. In addition, we tested each instrument's ability to discriminate between health categories and levels of symptom satisfaction (very dissatisfied vs. all others), and present 95% confidence intervals for differences between groups. Spearman correlation coefficients were used to describe the strength of association between instruments. We evaluated ceiling and floor effects for each measure by comparing the proportion of participants who attained the highest and lowest possible scores for each tool. We also compared the proportion of participants at the highest and lowest levels for the key dimensions of pain and physical function. To characterize the range of health states utilized by our study population, the number of unique health states assigned using each of the instruments were compared. Although analyses were conducted separately for each disease group, we present analyses for all disease groups pooled due to the consistency of findings across disease groups. All analyses were undertaken using STATA, version 7 (STATA Corporation, College Station, Texas).
Results
The 2097 participants ranged in age from 18 to 93 years old, with an average age of 53 years. Overall, they were a highly educated group that comprised of both men and women, with the majority having a diagnosis of intervertebral disc herniation as the underlying cause for their back or leg symptoms (Table 1) .
Mean preference scores ranged from 0.39 for EQ-5D to 0.63 for VAS (Table 2 ). Significant differences between baseline mean health state values were noted for all pair-wise system comparisons. The distribution of preference scores obtained with each instrument is provided in Figure 1 . In contrast to all other instruments, the EQ-5D appeared bimodal. EQ-5D and HUI(3) and HUI(2) covered a larger range than the two SF-36-derived tools.
Each instrument demonstrated significant linear downward trends in health state values with poorer self-rated health ( Figure 2a ) and higher disability as measured by ODI score in quintiles ( Figure 2b ). Mean health state values increased as symptom satisfaction increased (Figure 2c ). EQ-5D, HUI(3), HUI(2) and SF-6D could not discriminate between those reporting excellent and very good health while eQWB and VAS could. All instruments except eQWB could discriminate between fair and poor health. All instruments showed significant differences in means between those who were very dissatisfied with their current symptoms relative to all others. Mean differences between those very dissatisfied and all others were: 0. Spearman correlations between instruments ranged from 0.30 to 0.78 (Table 3 ). The highest correlations were among EQ-5D, HUI(3), HUI (2) and SF-6D. Moderate correlations were found between these four tools and eQWB. Modest correlations were noted between VAS and all other instruments.
The total number of unique health states assigned using EQ-5D, HUI(3), HUI(2) and SF-6D were 72, 674, 451, and 1012, respectively. Fewer than 1% of participants scored at the floor or the ceiling values for all tools. Table 4 describes the proportion of participants by level and attribute for the tools that can be decomposed. For EQ-5D 45.5% of participants responded at the most severe level on at least one dimension. In the pain dimension, EQ-5D had 1.9% at the least severe level while the other instruments had less than one percent. EQ-5D had 38.0% at the most severe level compared to 24.2% for HUI(3), 15.9% for HUI(2) and 22.4% for SF-6D. In the area of physical function, EQ-5D had 14.6% at the least severe level, HUI(3) and HUI(2) had 25.1%, and SF-6D had 1.1%. For the most severe level, EQ-5D had 2%, HUI(3) had 1.2%, HUI(2) had 0%, and SF-6D had 11%.
Discussion
Our analysis of baseline health state values among more than 2000 individuals with lumbar spine disorders indicated a high degree of correlation between preference-weighted health state classification systems. Nonetheless, many differences in mean health state values between systems were noted. Although all systems showed statistically significant differences in health state values when baseline comparisons were made between those who were very dissatisfied with their symptoms and those who were not, the magnitude of this difference ranged widely across systems (e.g., from 0.30 for EQ-5D to 0.04 for eQWB). While longitudinal performance is critical in the determination of health state values, it is worthwhile to consider the role of these baseline differences in final estimates of cost per QALY gained. Were these differences to carry over into a formal incremental cost-effectiveness analysis, the potential for qualitatively different results is readily apparent.
Other studies have compared health state values derived from these systems; however, ours included all of these instruments in a large head-to-head comparison of persons with back and leg symptoms with specific, confirmed diagnoses. Hollingworth et al. [20] studied SF-36-derived health valuations of participants with low back pain at baseline and concluded that instrument choice may have a significant effect on health state estimates and effect size calculations. Suarez-Almazor et al. [28] , in their longitudinal study of low back pain, reported a difference in means of 0.11 for EQ-5D and HUI(2), but the sample size was too small for the difference to reach statistical significance. Gabriel et al. [24] reported a statistically significant difference between eQWB and HUI(2) values in their cross-sectional study of 382 participants with osteoporotic fracture. Belanger et al. [21] reported a statistically significant difference between mean EQ-5D and HUI(3) values in a subgroup of respondents to their general health survey that reported chronic back pain. Conner-Spady et al. found a range of 0.13 in mean health state values at baseline in their longitudinal studies of EQ-5D, HUI, and SF-6D in persons with musculoskeletal disease [23, 40] . In contrast, Brazier et al. found little difference in mean health state values between EQ-5D and SF-6D [22] . Figure 1 illustrates the differences in the distribution of values at baseline. The range of values covered by EQ-5D and HUI (3) is large in contrast with SF-6D and eQWB, which may indicate a potential limitation for the SF-36-derived instruments.
Our study highlights some of the challenges in measuring the validity of health measurement tools without a gold standard. To address this problem, we tracked instrument performance with self-perceived overall level of health, ODI quintiles, and level of satisfaction with symptoms. The instruments functioned as expected in their trends with each of these measures. There were some differences between instruments in their ability to discriminate between levels of health. For example, eQWB could not distinguish between fair and poor health. Hollingworth et al. reported similar findings for eQWB and SF-6D [20] . Overall, there was little evidence for a superior instrument, though the limitations noted for the eQWB suggest that it is somewhat inferior. These observations do not apply to the actual QWB Index, which was not used in this study.
Though correlation between instruments is often used as a measure of convergent validity, there is no consensus on the interpretation of various levels of correlations for this application. SuarezAlmazor reported low correlations between EQ-5D, HUI, and SF-36 and suggested that they measure somewhat different concepts of health. Having been developed for different purposes, it is not surprising that various tools would reach only modest correlations. In their review of health measurement instruments, McDowell and Newell [41] describe why a correlation of 0.60 can be viewed as extremely high, given that correlation is limited to the square root of the product of the instruments' reliability. In this context, we found very high correlations between EQ-5D, HUI(3), HUI(2) and SF-6D. Conner-Spady et al. reported similar correlation coefficients at baseline for EQ-5D, HUI(3) and SF-6D [23, 40] . Intermediate level correlations were found in our study between eQWB and HUI(3), HUI(2), EQ-5D, and SF-6D. The lowest correlations were noted between VAS and all other instruments (Table 3 ). These findings indicate that EQ-5D, HUI(3), HUI(2), and SF-6D measure essentially the same construct. Our validity tests support the idea that all of the instruments measure quality of life to some degree, but they do not provide sufficient information to guide the selection of one instrument over another. Where no clearly superior method exists, both practical and design aspects of measurement tools may indicate which tool would be better suited for measurement of the quality of life of persons with back and leg symptoms. For example, the reference time frame used in the descriptive system varies among tools. The EQ-5D asks the respondent to rate health status today, while others refer to health status in a larger time frame: over the past few months or 'usual.' However, some instruments, such as HUI, have multiple versions available. It would be important to consider how these a Numbers of levels are 3 for EQ-5D dimensions, 5 or 6 for HUI(3) dimensions, 4 or 5 for HUI(2) and 4 to 6 for SF-6D dimensions; the highest level for each dimension is the most severe. b NA indicates not applicable.
characteristics fit the nature of the study and the timing of testing. In the case of back and leg symptoms, it may be necessary to differentiate between usual and present status due to exacerbation. Brazier et al. [29] have reported that one theoretical advantage of the SF-6D over EQ-5D is its larger SF-36-based descriptive system, but suggested that future research should assess whether item selection for SF-6D caused limitations to its descriptive ability and indicates that SF-6D may not benefit from the descriptive richness of the original SF-36. It has also been suggested that one advantage of HUI is the large number of distinct health states it describes [12] . We observed that SF-6D, HUI(3), and HUI(2) identified much larger numbers of unique health states than EQ-5D, which is not surprising since EQ-5D has fewer available health states. It is noteworthy that the large range of unique health states available from SF-6D is not reflected in a wide range of health state values.
In theory, EQ-5D extracts information from five distinct health dimensions, HUI(3) from eight, and SF-6D from six. From correlation analyses, Belanger et al. [21] concluded that EQ-5D represents fewer than five independent dimensions, while HUI(3) essentially addresses all eight. Keeping in mind that this decomposed analysis fits HUI(3)'s design better than that of EQ-5D, it still raises the question of what EQ-5D and HUI(3) are measuring relative to different dimensions. For example, in the study by Belanger et al. for the three dimensions HUI(3) and EQ-5D have in common, people were less likely to report perfect health on the EQ-5D than on the HUI(3) and in the pain dimension, which is an important component for the back pain population, 80.4 % reported perfect health on the HUI compared to 58.9% on the EQ-5D [21] . Our study identified differences in tools at the highest and lowest levels of physical function and at the most severe level for pain, but not at the level of no pain as in Belanger et al.'s study.
For those with back and leg symptoms, average baseline health is well below that of the general population [2] ; therefore, the ability to characterize health status at the lowest levels is particularly important. Hollingworth et al. [20] noted the potential for floor effects in all of the SF-36-derived measurement tools. Suarez-Almazor et al. [28] reported a floor effect in SF-36 subscales for participants who had deteriorated. Brazier et al. [22] reported that for osteoarthritis participants 92% reported the lowest level of physical function on the SF-6D while none did on the EQ-5D. Taylor et al. [42] found floor effects in the role physical and role emotional subscales of the SF-36 and recommended using version 2 of the SF-36 to eliminate this problem. We used version 1 of the SF-36. We did not find evidence of a floor effect for index values, but noted that each instrument had large proportions of participants at the floor for either pain or physical function (Table 4 ). Most notable was that 38% of participants reported the most severe level of pain on the EQ-5D. Concern about ceiling effects for milder health states have been described for EQ-5D [21, 27] . In contrast to the use of these instruments for measuring general population health, our study provides evidence that the previously observed ceiling effect for EQ-5D is not a limitation among persons with back and leg symptoms who have specific diagnoses (IDH, SpS, and/or DS). Hollingworth et al. [20] described an artificial ceiling for eQWB as well, noting a maximum possible score of 0.84. In our study, all other instruments produced health valuations above eQWB's highest value. Though we would note that the limited range of values available from the eQWB and SF-6D is a limitation of the instruments, our study did not find evidence of a ceiling effect per se. In the pain dimension none of the tools demonstrated a significant proportion at the ceiling. However, in the mobility dimension 25.1% of participants were at the ceiling for HUI(3) and HUI (2) . This compares to 14.6% for EQ-5D and 1.1% for SF-6D. Feeny et al. [36] have suggested that HUI(3) may not detect the impact of musculoskeletal problems that do not involve the lower limbs or hands and fingers. It is unclear whether the differences are due to these issues.
In our study, EQ-5D described far lower quality of life than all of the other instruments. Prior reports have been conflicting. Brazier et al. [22] reported similar mean health state values between EQ-5D and SF-6D among a sub-group of back pain patients. In their analysis, they noted the implications of the 'N3 term' in the EQ-5D York scoring function, which subtracts an additional 0.269 from the score for persons at the lowest level in any dimension. The SF-6D has a similar scoring function, but the coefficient associated with a response in one of the most severe levels is )0.032, which is much smaller than the EQ-5D N3 term. Our findings are consistent with Conner-Spady et al. [23, 40] , who found a lower baseline mean health state value from EQ-5D, as well as the greatest health state difference over 12 months. This issue is particularly important for measurement of a population such as ours, with health problems that dramatically affect pain and function. Brazier et al. found that the pain dimension heavily influences the index values for EQ-5D and SF-6D [22] . This, combined with the large proportion (45%) of participants using the N3 term, implies that the N3 term could have accounted for the bimodal EQ-5D distribution and contributed heavily to the lower mean health state value for EQ-5D as reported in our study. By lowering baseline values, this scoring function could cause an increase in the change scores ultimately used to estimate incremental cost-effectiveness ratios in economic evaluations [23, 40, 43] . Nevertheless, the question remains whether the N3 term appropriately describes or inappropriately exaggerates severe health states.
Our study has several limitations that warrant comment. First, although a definitive answer to the question, 'which instrument measures change best?' requires longitudinal data, our findings suggest that choice of instrument may matter. To date only three relatively small longitudinal studies of preference-based measurement tools have been reported for persons with musculoskeletal problems [23, 28, 40] . One raises important issues regarding differences in responsiveness of EQ-5D, HUI, and SF-36 in persons with chronic low back pain whose condition deteriorated [28] . Two other studies reported that EQ-5D, HUI and SF-6D appeared to measure the same construct, but that health state values and change scores differed between instruments [23, 40] . None of these studies addressed the very specifically defined population of participants included in SPORT. Second, our study did not explore the effects of valuation method on health state values. Conner-Spady et al. have reported that different scaling methods can change potential QALYs gained [44] . Differences exist in the methods used to value health states in each of the instruments. Third, the design of our study did not allow us to estimate an instrument order effect. The extent to which a change in instrument order would influence baseline health state values is unknown. Finally, our study population provides information about persons with confirmed diagnosis of spinal disorders (IDH, SpS, DS) for whom surgery is an appropriate treatment option. Our analysis includes both those who consented to random treatment allocation within the RCT and those who agreed to participate in an observational cohort. This makes our study more generalizable than a typical RCT. However, whether our findings can be generalized to persons with chronic, non-specific back pain for whom surgery is not indicated, or to persons with problems unrelated to the low back, is unknown.
In summary, we found important differences in health state values derived from different preference-based health status measurement instruments at baseline, which could have an impact on incremental cost-effectiveness ratios and public policy. Our study contributes to the evidence that there may not be a superior instrument. For now, researchers should choose a measurement tool that best fits the condition under investigation and their study design. Our analysis suggests that the eQWB may be more limited for describing persons with debilitating health states such as back and leg symptoms associated with lumbar spine disorders than are EQ-5D and HUI. Longitudinal data from SPORT will provide more definitive information about the performance of these instruments in measuring change in populations with confirmed lumbar spine disorders. In particular, the ability of the instruments to measure change at the lowest health levels will be very important in defining effectiveness for use in economic evaluation for this population. Nonetheless, at the present time, it should be noted that health state values derived from different tools are not interchangeable, and therefore caution should be used when comparing incremental cost-effectiveness ratios across studies.
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